The aim of the study was to identify the effect of supplementation of various forms of zinc on the ruminal mucosa and dimensions of ruminal papillae in 6-month-old goat kids. The experimental period lasted from weaning to slaughter (4 months). All 20 kids divided into four groups of five animals, were fed with the same feeding dose, which was different only in the quantity and form of zinc. Control group was without additional zinc supplementation (group A), the other groups were supplemented with zinc in the form of ZnO (group B), zinc in the form of chelate (group C) and zinc in the form of lactate (group D). Samples for histopathological and morphometric examination were collected after the slaughter of all animals from the bottom of saccus ruminis ventralis everytime from the same place. Significant differences were reported within the comparison of the length of ruminal papillae between groups B and C (P = 0.026) and B and D (P = 0.040), within the comparison of the width of ruminal papillae between groups A and D (P = 0.020) and within the comparison of the intensity of keratinisation of the mucosa of ruminal papillae between groups A and B (P = 0.034), A and C (P = 0.038) and A and D (P = 0.001). Histopathological and morphometric examination of ruminal mucosa indicated that the ruminal papillae of kids supplemented with zinc in the form of ZnO (group B) were better developed compared to the other groups. This result indicates better utilisation of the supplemented zinc in the form of ZnO.
various inorganically and organically bound forms; in veterinary and human medicine it is also used for its antibacterial effect (Puchala et al. 1999; Wright et al. 2008; Pechová et al. 2006 Pechová et al. , 2009 Screenivasan et al. 2009 ). There is absence of literature describing the effects of oral supplementation of different forms of zinc on ruminal mucosa of kids.
The aim of the study was to identify the effect of supplementation of various forms of zinc on the ruminal mucosa and dimensions of ruminal papillae, to assess the intensity of keratinisation of papillary epithelium in 6-month-old kids, and to compare the obtained results. Our hypothesis was that ruminal papillae would develop more intensively in the group of kids supplemented by inorganic zinc.
Materials and Methods
The experiment took place in accredited stables of the Ruminant and Swine Clinic of the University of Veterinary and Pharmaceutical Sciences Brno, project number MSM6215712403, approved by the ethics committee. In total 20 kids (10 males and 10 females) of the White Shorthaired Goat breed were divided into four groups of five animals. The experiment lasted 4 months: from the weaning at the age of 2 months until the slaughter at the age of 6 months. All kids were fed the same feeding dose including hay (ad libitum) and granulated feeding mixture (barley 20%, oats 20%, corn 10%, malt sprouts 10%, wheat grit 10%, wheat feeding flour 10%, soy extracted grit 10%, lucern powder 7.5%, dicalcium phosphate 1.5%, sodium chloride 0.6%, calcium carbonate 0.4%) at a dose of 300 g/animal/day, which was different in the content and form of added zinc. The natural content of zinc in the dry matter of the feeding dose for the kids of control group A (not supplemented with zinc, n = 5) was 40 mg/kg. The granulated feeding mixture of the experimental groups was enriched with various forms of zinc so that the total amount of zinc in the dry matter of the feeding dose was 60 mg of zinc/kg of dry matter. Group B (n = 5) received a feeding mixture enriched with zinc in the form of ZnO, group C (n = 5) in the form of zinc chelate (Bioplex Zn, Alltech, USA) and group D (n = 5) in the form of zinc lactate (trihydrate of zinc lactate, Agrobac, Czech Republic).
The kids were slaughtered by the standard way in abattoir and their organs were subjected to veterinary and hygienic examinations and morphological assessment. Samples for histopathological and morphometric examination were collected after the slaughter of the animals from the rumen, from the bottom of saccus ruminis ventralis every time from the same place in all animals. The size of samples was approximately 1 × 1 × 0.5 cm. After collection the tissue was fixed for a period of 72 h in 10% formalin. Afterwards, the samples were processed using the common paraffin method, stained with haematoxylin-eosin (Clark 1981) and evaluated by a light microscope. The histological mounts of the rumen tissue were furthermore morphometrically examined by image analysis using Soft Imaging System Cell F (Imaging Software for Life Science Microscopy, OLYMPUS Soft Imaging Solutions). Five variables were measured in three papillae in each section (15 measures per section): the length of the papilla, the width of the papilla, the width of the epithelium, the width of stratum corneum and also keratinisation on the surface of the papillae (Knott et al. 2004; Černík et al. 2011) .
Statistical data for morphometry (average values of measurement and standard deviation) were obtained along with the measurements done using the aforementioned computer programme. Measured values were also processed with statistical software XL STAT 2009, version 5.01. The first phase used two sample t-test and all 15 values for the group and the measured diameter were compared in order to determine whether the results of the measurement in one group are significantly different from the results of the measurements in the second group (with the significance level of P ≤ 0.05) . In the second phase the samples were evaluated using non-parametric Kruskall-Wallis test.
Results
No pathomorphological changes were observed during the macroscopic inspection of the ruminal mucosa in all groups of kids. During the microscope inspection of the rumen in control group A we found the following changes in the ruminal mucosa: long narrow ruminal papillae, a moderate keratinisation and no pathological changes. In experimental group B we found short massive papillae and moderate keratinisation (lower degree than in group A) and no pathological changes. In experimental groups C and D we found long papillae and severe keratinisation and no pathological changes. Detailed morphometric values are given in Table 1 . Significant differences obtained with t-test and Kruskall-Wallis test are given in Table 2 .
Discussion
Length and width of papillae detected in this study were within physiological range (Hofmann and Schnorr 1982; Jelínek 1995; König et al. 2004 ). However, as other obtained measures were variable and depended on many factors, no standard physiological values were found for them. Therefore these measures were compared with the same indicators measured in the control group.
Supplementation of organic zinc in a lactate or chelate form has a consequence of larger growth of papillae, thickening of the epithelium and stratum corneum, and also a greater level of keratinisation. Supplementation of inorganic zinc in the form of ZnO had a consequence of mild widening of papillae and low keratinisation. The aforementioned indicates that morpohologically, supplementation with inorganic zinc was more appropriate. The length and width of papillae is within the normal range (Hofmann and Schnorr 1982; Jelínek 1995) although they possibly do not exceed the length of the control or another trial group. Comparison of group B with control group A determined weaker keratinisation, which provides a possible prerequisite for better utilisation of supplemented zinc in the form of ZnO. In both groups supplemented with organically bound zinc a significant growth of papillae was determined, but also a high level of keratinisation. This would indicate lower utilisation of supplemented zinc in the organic form. This statement may also be 401 A -control group of goat kids not supplemented with zinc, B -experimental group of goat kids supplemented with ZnO, C -experimental group of goat kids supplemented with zinc chelate, D -experimental group of goat kids supplemented with zinc lactate. Data in Table 1 A -control group of goat kids not supplemented with zinc, B -experimental group of goat kids supplemented with ZnO, C -experimental group of goat kids supplemented with zinc chelate, D -experimental group of goat kids supplemented with zinc lactate. P -significant difference. Table 2 . Significant differences of measurements of the ruminal mucosa of goat kids in different groups fed a diet containing different forms of zinc.
supported by the results of another part of the same experiment, when it was demonstrated based on the determination of zinc concentrations in the organs (liver, kidney, pancreas, neck muscles) that zinc was most effectively utilised in the form of ZnO, a slightly poorer utilisation was determined in the group receiving Zn chelate, while the group receiving Zn lactate did not show an increase of zinc concentration in any of the monitored tissues (Jokverová et al. 2009 ). Similar results were reported also by other authors (Puchala et al. 1999; Zitnan et al. 2003; Arelovich et al. 2008; Wright et al. 2008) .
When there is insufficient supplementation of zinc, disorders of the motility of the forestomachs and subsequent disorders of digestion occur. The resulting morphological changes are manifested as hyperkeratosis and parakeratosis of the epithelium in the ruminal mucosa. The result of hyperkeratotic changes may even be necrosis of the ruminal papillae and inflammation of the lining -rumenitis (Radostits 2007) .
The results of this work confirm our hypothesis. Histopathological and morphometric examination of the ruminal mucosa indicated that ruminal papillae of kids from group B were better developed compared to the other groups. This result indicates better utilisation of the supplemented zinc in the form of ZnO. Conclusive results of morphometric analysis prove the facility of the use of morphometrics as a method useful for veterinary pathology, mainly for the accuracy of histopathological or histological diagnosis.
